Abstract: This paper proposes an application of constriction factor based particle swarm optimization technique for solving the congestion management problem in transmission networks. Congestion management is one of the vital tasks performed by the power system engineers to ensure the operation of transmission network within operating limits. Nowadays, congestion management in electric power trade is extremely significant which can enforce a barrier to the electrical energy trade. The congestion management technique is based on optimal power flow which is proposed to relieve congestion in transmission lines. It's been observed in the recent studies that alleviation of congestion in the transmission network is a serious problem in the power system operation. To maintain power system security by keeping all equipment in the system within the limit is the main objective of optimal power flow. The proposed constriction factor based particle swarm optimization combines the original particle swarm optimization algorithm with a constriction factor. It ensures convergence of particle swarm optimization algorithm to obtain optimal power flow solutions. The IEEE 30-bus system is tested by the proposed algorithm.
Introduction
Congestion in transmission results when power flows in the transmission lines are higher to the operating reliability limits. As a result, congestion management is one of the key functions in the power system. Various congestion management schemes suitable for the different power systems have been reported in [1]- [5] . Sensitivity-based optimum generations rescheduling and/or load shedding schemes to get better alleviation of transmission lines are reported in [6] - [10] .
OPF is arguably the most significant technique for congestion management in a power system with existing transmission and operational constraints. The OPF is a nonlinear programming problem, and is used to determine optimal outputs of the generators, bus voltage and transformer tap setting in power system, with an objective to minimize total cost. While the system is operating within its security limits [11] . Whereas, congestion management methods proposed in [12] - [15] are based on marketplace structure. The methods based on OPF use the derivative of the objective function to determine the search direction. On the other hand, in a wide-ranging, objective function of OPF is nonconvex, nonsmooth, and no differentiable [14] for the reason that of the valve position loading of thermal units.
The main objective of the research work is to consider the minimization of the overload in transmission line, fuel cost and power loss. The congestion management for the above mentioned scenarios is carried out using CFBPSO technique and tested on IEEE 30 bus system. The method provides a set of alternative solutions to the congestion management in the transmission networks [15] - [16] .
Problem Formulation for Congestion Management
The basic principle of the transmission congestion management can be illustrated through the traditional spot pricing theory. In this framework, the central dispatcher optimally dispatches the generators such that the social welfare is maximized while satisfying the operation and security related constraints. Specifically, the dispatcher solves the following optimization problem to maximize the social welfare, where changes system controls to enforce liveried constraints while minimize the cost:
In the objective function CGm (PGm) is the cost function for generating real power PGm at bus m and BDm (PDm) is the demand function at bus m. Subjected to
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m ax m in The generation schedule can be obtained by solving the above optimization problem. Then, it's been checked whether all line flows are within the maximum limit or not, if any, the line flow exceeds the limit when the line is said to be congested and it has to be relieved as quickly as possible. To solve the above optimization problem classical techniques suffers from the local optima and they need auxiliary information about the objective function. Among the heuristic search methods CFBPSO is one of the best techniques for solving the above problem.
Constriction Factor Based Particle Swarm Optimization (Cfbpso)
The position and velocity for each particle have their own limits. For the position limits, the lower and upper bounds are from the limits of variables represented by the particle's position. However, the velocity limits for the particles can be defined by users. Generally, the solution quality of the Particle swarm optimization method for optimization problems is sensitive to the cognitive and social parameters and velocity limit of particles. Therefore, there have been several attempts to control the exploration and exploitation abilities of the Particle swarm optimization algorithm by adjusting the cognitive and social factors or to limit the range of velocity. In this paper, the improved Constriction Factor Based Particle Swarm Optimization (CFBPSO) is implemented for solving the problem.
Because PSO originated from efforts to model social systems, a thorough mathematical foundation for the methodology was not developed at the same time as the algorithm. Within the last few years, a few attempts have been made to begin to build this foundation [16] . The first term is the earlier agent velocity. The next two terms are used to change the agent velocity. Exclusive of the second and third terms, the agent will keep on "flying" in the similar direction until it hits the limit. Namely, it tries to discover novel areas and, therefore, the primary term corresponds with diversification in the search method. As a result, at the commencement of the search method, diversification is deeply weighted, while strengthening is deeply weighted at the last part of the search method such like simulated annealing. That is, a certain velocity, which progressively nearer to pbest and gbest, can be evaluated. PSO using (12) , (13) After Kennedy and Eberhart proposed the original particle swarm, a lot of improved particle swarms were introduced. Because PSO originated from efforts to model social systems, a thorough mathematical foundation for the methodology was not developed at the same time as the algorithm. The particle swarm with constriction factor is very typical. Clerc (Clerc 1999) in his study of stability and convergence of PSO has introduced a constriction factor K. Clerc which indicates the use of a constriction factor that may be necessary to ensure convergence of the particle swarm algorithm. He has established some mathematical foundation to explain the behavior of a simplified PSO model in its search for an optimal solution.
The basic system equations of the PSO (12) (13) (14) can be considered as a kind of difference equations. In order to ensure convergence of the PSO algorithm, the velocity of the constriction factor based approach can be expressed as 
The convergence characteristic of the system can be controlled by ϕ . For example, if φ =4.1, then K=0.73. As 'w' increases above 4.0, K gets minor. For example, if φ =5.0, then K=0.38, and the damp result is even additional pronounced.
The constriction factor approach results in the convergence of the individuals over time. Unlike other evolutionary computation methods, the constriction factor approach ensures the convergence of the search procedure based on the mathematical theory. Therefore, the constriction factor approach can generate higher quality solutions than the basic PSO approach. However, the constriction factor approach only considers dynamic behavior of one individual and the effect of the interaction among individuals. Namely, the equations were developed with a fixed set of best positions (Pbest and Gbest), although Pbest and Gbest change during the search procedure in the basic PSO equation. Consequently, the CFBPSO can obtain better quality solutions than the basic PSO approach.
Procedure for Congestion Management Using CFBPSO Algorithm
The step by step procedure to solve the optimization problem by proposing CFBPSO method is given below.
Step-1: Initialize the parameters such as the number of particles, the size of the population, initial and final inertia weight, velocity of particle, number of iterations, etc.
Step-2: Assume a number of contingencies.
Step-3: OPF calculation with CFBPSO for most severe contingency.
Step-4: If OPF is solvable then go to step-2 or else, step-5.
Step-5: Checking the limit violation for security constraints. If iterations reach its max value, then go to step-6 or else go to step 2.
Step-6: Stop
Simulation Results
In the research paper, the congestion management problem is solved using CFBPSO technique and tested on IEEE 30 bus system for various congested cases. The total load in the system is considered 283.4 MW. The parameters used for CFBPSO are population size: 20, number of iterations: 150, cognitive constant c1:2, social content: 2 and inertia weight w: 0.3-0.95.
Base case condition
When compared, the minimum cost obtained with the CFBPSO algorithm is $ 799.5656/hr is less than the minimum cost of PSO method i.e. $ 800.966/hr. A comparison between the proposed method and the existing methods in the literature is given in Table-1[18] - [19] . Thus, all the solutions satisfy the constraints on congestion management and line flow limits. [18] 802.907 TS [18] 802.502 TS/SA [18] 802.788 ITS [18] 804.556 IEP [18] 802.465 OPFPSO [19] 800.41 MDE-OPF [19] 802.376 EP [19] 801.0204 PSO [19] 800.966 CFBPSO (Proposed) 799.5656 
IEEE 30 bus system Results
In power system one of the major problems is network congestion, this problem occurs in two ways, one is system overload and another is line outages. The proposed method has been demonstrated on IEEE 30 bus test system. It has six generators, 41 transmission lines and 21 loads and the total demand of the system is 283.40 MW. This section deals with transmission congestion is due to overload, where the congestion has been created in the system by increase demand at each load bus. Table-2 Comparisons of control variables without CFBPSO and with CFBPSO at different loading conditions are presented in Table- This section deals with transmission congestion is due to line outages of lines. In Table-4 
Conclusion
The paper proposes a technique for solving the congestion management problem in the transmission system network based on the CFBPSO. The robust convergence characteristic of the CFBPSO method is also ensured in solving the congestion management problem in a transmission system. The proposed method is tested on IEEE-30 bus system and the simulation results are reported. The results show the effectiveness and robustness of the proposed algorithm to solve the congestion problem. 
